Purpose There is growing evidence that body size in early life influences lifetime breast cancer risk, but little is known for African American (AA) women. Methods We evaluated body size during childhood and young adulthood and breast cancer risk among 1,751 cases [979 AA and 772 European American (EA)] and 1,673 controls (958 AA and 715 EA) in the Women's Circle of Health Study. Odds ratio (OR) and 95 % confidence intervals (CI) were computed using logistic regression models while adjusting for potential covariates. Results Among AA women, being shorter at 7-8 years compared to peers was associated with increased postmenopausal breast cancer risk (OR 1.68, 95 % CI 1.02-2.74), and being heavier at menarche with decreased postmenopausal breast cancer risk, although of borderline significance (OR 0.45, 95 % CI 0.20-1.02). For EA women, being shorter from childhood through adolescence, particularly at menarche, was associated with reduced premenopausal breast cancer risk (OR 0.55, 95 % CI 0.31-0.98). After excluding hormone replacement therapy users, an inverse association with postmenopausal breast cancer was found among EA women reporting to be heavier than their peers at menarche (OR 0.18, 95 % CI 0.04-0.79). The inverse relationship between BMI at age 20 and breast cancer risk was stronger and only statistically significant in EA women. No clear association with weight gain since age 20 was found. Conclusions Findings suggest that the impact of childhood height on breast cancer risk may differ for EA and AA women and confirm the inverse association previously reported in EA populations with adolescent body fatness, in AA women.
Introduction
There is growing interest in the role of early life factors on breast cancer etiology, with strong experimental and epidemiologic evidence indicating that the time from peripuberty to first childbirth is a critical period of susceptibility for breast cancer [1] . During this period, the mammary gland is undergoing rapid division, which increases the opportunity for DNA damage and mutations [2] . Furthermore, the mammary gland is not fully differentiated until the first fullterm pregnancy, which makes it more susceptible to carcinogens [3] . Epidemiologic studies have generally found that greater adolescent height, growth rate, and final height are associated with increased lifetime breast cancer risk, while a higher body mass during adolescence and young adulthood is associated with lower lifetime risk [4] [5] [6] . Weight gain since young adulthood has also been generally shown to increase postmenopausal breast cancer risk [7] . However, the overall body of evidence for the role of body mass over the life course is largely based on studies in European American (EA) women, with little known for African American (AA) women.
Obesity is currently a major public health concern in the United States, but particularly for AA women because of the much higher prevalence of overweight and obesity both in AA children and adults compared to white women. According to NHANES 2009-2010 data, 82.1 % of black women (vs. 59.5 % of white women) [8] and 41.3 % of black girls (vs. 25.6 % of white girls) were overweight or obese [9] . At the same time, breast cancer in AA women tends to occur at an earlier age and to have more aggressive features associated with poor prognosis [10, 11] , and some differences in the epidemiology of the disease have been noted between AA and EA women [12] . The few studies that evaluated the impact of adult obesity on breast cancer risk in AA women have suggested that a higher body mass index may play a different role than in EAs, with most studies showing no association for adult BMI [13, 14] . Only four studies have previously evaluated the role of BMI as a young adult on breast cancer risk in AA women, with inconclusive results [15] [16] [17] [18] [19] [20] .
The aims of this study were to evaluate the impact of body size at age 7-8 years, at menarche, at ages 15-16 years and young adulthood, as well as weight changes during adulthood on breast cancer risk among AA and EA women participating in the Women's Circle of Health Study (WCHS). To our knowledge, this is the first study evaluating the impact of perceived body size during childhood and adolescence on breast cancer risk in AA women.
Methods

Study population
The WCHS has been described elsewhere [21] . In brief, the WCHS is a case-control study in New York City (NYC) and New Jersey (NJ). Cases were self-identified AA and Caucasian women, 20-75 years, able to complete an interview in English, with no previous history of cancer other than non-melanoma skin cancer, and with newly diagnosed, histologically confirmed ductal carcinoma in situ (DCIS) or invasive breast cancer, stage I-IV. Controls had no history of cancer other than non-melanoma skin cancer and met the same age and language eligibility criteria as cases. In NYC, recruitment took place between January 2002 and December 2008, with cases identified through the hospitals with the largest referral patterns for AA women. Controls in NYC were recruited using random digit dialing (RDD), with sampling based on the same telephone exchanges as cases receiving medical care at the participating hospitals. Controls were frequency matched to cases by age and race. In NJ, recruitment started in March 2006 and is ongoing. Phase I of the study (WCHS) covered seven counties in NJ and ended in April 2012, with Phase II extending recruitment of AA women to two additional counties for a total of nine counties (WCHS-2). Cases in NJ were identified by rapid case ascertainment conducted by the NJ State Cancer Registry. Controls were initially identified by RDD, frequency matched to cases by age group and county of residence. We complemented RDD to recruit AA controls in NJ using community-based recruitment. This was facilitated by working closely with AA breast cancer advocates, AA churches, senior citizen centers, and cancer support organizations such as the American Cancer Society. The community recruitment process and representativeness of the control group have been described in detail previously [22] . For this analysis, we included women recruited up to December 2012.
Data collection
After confirming eligibility, an in-person interview was scheduled using the same training manual, methods, and study materials at the two recruiting sites. The mean time between diagnosis and interview was 8.5 months. At the interview, informed consent, including a release to obtain medical records, pathology records, and tissue blocks from treating hospitals, was obtained. Several questionnaires were completed then, and body measurements and a saliva sample collected. The questionnaires included questions on established and suspected risk factors for breast cancer, including family and reproductive history, hormone use, alcohol intake, smoking, and occupational history. The questionnaire also assessed perceived weight (thinnest, much thinner, somewhat thinner, about the same, somewhat heavier, much heavier, heaviest) and height (shortest, much shorter, somewhat shorter, about the same, somewhat taller, much taller, and tallest) at age 7-8 years, at menarche, and 15-16 years, compared to other girls of the same age, based on questions from the Women's Interview Study of Health [23] . Height and weight at age 20 years and 1 year before the reference date (date of diagnosis for cases and comparable date for controls) were also obtained. A food frequency questionnaire was used to assess dietary intake 1 year before the reference date.
Anthropometric measurements were taken at the interview. Height was measured once to the nearest 0.1 cm, and two measurements for waist and hip circumferences were obtained to the nearest 0.1 cm. Waist measurement was taken using a measuring tape around the waist covering the umbilicus, while hip measurement involved placing the measuring tape at the maximum extension of the buttocks in a horizontal plane. Body composition measures (lean and fat mass, percent body fat) were obtained by bioelectrical impedance analysis using a Tanita Ò TBF-300A scale. Weight was also obtained with the Tanita scale. Information on tumor hormone receptor status was abstracted from pathology reports received from the hospitals where surgeries were performed.
The study was approved by the Institutional Review Boards at the Cancer Institute of New Jersey (now Rutgers Cancer Institute of New Jersey), Mount Sinai School of Medicine (now the Icahn School of Medicine at Mount Sinai), the referring hospitals in NYC, and Roswell Park Cancer Institute, and all participants provided written informed consent before participating in the study. A total of 1,751 cases (979 AA and 772 EA) and 1,673 controls (958 AA and 715 EA) completed the interview.
Statistical analyses
BMI was computed as weight in kilograms (kg) divided by the square of height in meters (m) and categorized according to the World Health Organization (WHO) International Classification. For analysis regarding weight gain, we used race-specific quantiles, with cutpoints based on the distribution of controls, as the distribution was considerably different in the two groups. We used the same cutpoints in preand postmenopausal women to be able to compare risk estimates across categories in the AA and EA groups.
Mean values for weight at age 20 and weight gain since age 20 were compared for AA and EA women using t tests. Distributions for body size at different ages were compared using chi-square tests. Multivariable unconditional logistic regression was used to estimate odds ratios (OR) and 95 % confidence intervals (CI), controlling for relevant confounders. Tests for trend were derived by assigning the median value to each category. Covariates considered included age at reference date, ethnicity (Hispanic vs. not Hispanic), country of origin (United States, Caribbean countries, other), education, family history of breast cancer, history of benign breast disease, age at menarche, age at menopause, parity, breastfeeding (never/ever), age at first birth, hormone replacement therapy use (never/ever), oral contraceptive use (never/ever), and body size at other ages. For example, when evaluating relative weight at childhood and adolescence, we considered BMI at age 20 and current BMI as possible confounders.
We conducted stratified analyses by menopausal status and by major subtypes according to hormone receptor status [estrogen receptor (ER)?/progesterone receptor (PR)? and ER-/PR-]. We also repeated analyses excluding HRT users and cases with non-invasive tumors. Over 95 % of the study population was non-Hispanic, and therefore, stratified analyses by ethnicity could not be conducted. SAS version 9.2 (SAS Institute, Cary NC) was used for analysis.
Results
Demographic, reproductive, and lifestyle characteristics have been reported elsewhere [24] . In summary, EA women tended to have higher levels of education, fewer children, and were less likely to be obese than AA women. Among AA women, cases were more likely to have been older at menopause and to have been HRT users. Among EA women, controls were more likely to have used oral contraceptives and to have breastfed their children. There were no major differences in age at menarche between cases and control in EA or AA women.
The distributions for relative height and weight, BMI at age 20, current BMI, and weight changes by case-control status and AA and EA women are shown in Table 1 . There were no major differences in relative height between cases Cancer Causes Control (2013) 24:2231-2243 2233 and controls or between AA and EA women. However, cases were more likely to report being thinner than peers compared to controls during the three age periods under evaluation, with the differences being larger and only statistically significant among AA women. On the other hand, both EA and AA cases were less likely to report being overweight and obese at age 20 than controls (p \ 0.01). For current BMI, while the percentage of AA overweight and obese was considerably higher than that for EA women, distributions were similar in cases and controls in the two groups. Most women reported having gained weight from age 20 to the time of interview, with AA women gaining more weight than EA women. However, there were no major differences in the average weight gained during this time period between cases and controls in either group. Risk estimates and 95 % CI for relative height and weight at various time points, BMI at age 20, and weight gain since age 20 for AA and EA women by menopausal status are presented in Tables 2 and 3 . For AA women (Table 2) , when we evaluated childhood and adolescent height and breast cancer risk, we found that, among postmenopausal women, childhood height was associated with increased risk (OR 1.68; 95 % CI 1.02-2.74) for those reporting to be shortest or much shorter than girls their age when they were 7-8 years, after controlling for BMI at age 20 and other relevant covariates. When we adjusted for weight at age 7-8 years instead of BMI at age 20, risk estimates essentially did not change (data not shown). There was also some suggestion that being heavier during adolescence was associated with reduced postmenopausal breast cancer risk. Although there was a suggestion of an inverse association with BMI at age 20 for both pre-and postmenopausal women, risk estimates were attenuated when we included in the model relative weight and height at menarche and CI included the null. There was also a suggestion of increased risk with higher weight gain since age 20 for both pre-and postmenopausal women after adjusting for current BMI, but CI included the null.
For EA women (Table 3) , we found a suggestion that being shorter from childhood through adolescence was associated with reduced premenopausal breast cancer risk, with a stronger and significant association for relative height at menarche. Being heavier than other girls at menarche also appeared to reduce postmenopausal breast cancer risk, but after further adjusting for BMI at age 20 years, risk estimates were no longer statistically significant. There was also a suggestion of decreased risk for postmenopausal women reporting to be thinner than their peers. However, BMI at age 20 was strongly inversely associated with breast cancer risk in both pre-and postmenopausal women. There was also a trend of decreased breast cancer risk with higher weight gain among (Table 4) . While results tended to be in the same direction, some of the associations noted above became stronger. For example, the OR was 1.95 (95 % CI 1.12-3.42) for AA women reporting to be shorter than their peers at age 7-8 years. Being heavier at menarche was strongly inversely associated with breast cancer risk for both AA and EA women with ORs of 0.23 (95 % CI 0.08-0.63) and 0.18 (95 % 0.04-0.79), respectively. However, no association was found with weight gain after excluding HRT users. Nevertheless, these analyses should be viewed with caution because they were based on small numbers and require replication.
We also conducted stratified analyses by the most common tumor subtypes according to hormone receptor status: ER?/PR? and ER-/PR-(data not shown), but no major patterns emerged from these analyses. We also repeated analyses excluding DCIS cases (153 AA and 138 EA), and results were essentially the same.
Discussion
In this study, we found that among AA women, among postmenopausal women, being shorter at age 7-8 years compared to peers was associated with increased breast cancer risk, while being heavier during adolescence and young adulthood was inversely associated with risk. For EA women, being shorter from childhood through adolescence, particularly at menarche, was associated with reduced premenopausal breast cancer risk, and after excluding HRT users, a strong inverse association was found with postmenopausal breast cancer for those reporting to be heavier than their peers at menarche. Although there was a suggestion that BMI at age 20 was inversely related to breast cancer in AA and EA women, the association was stronger and statistically significant only in EA women. We did not find a clear association for weight gain since age 20 in either group. In our study, no clear pattern emerged when we assessed effect modification of preadolescent and adolescent body size and weight changes on breast cancer risk by ER/PR status, which has only been previously evaluated in a few studies [27] [28] [29] [30] [31] with inconsistent results.
There is growing evidence that the timing of exposure is critical in breast cancer etiology, with certain factors, such as estrogens, having different or even opposing effects on breast cancer risk depending on the period when exposure occurs [32] . We evaluated risk for several critical periods: age 7-8 years, corresponding in most girls with the period right before thelarche, which marks the onset of puberty; age at menarche, which follows thelarche after a few years; age 15-16 years, at which most girls have attained their final height; and young adulthood. The hormonal processes triggering and regulating these developmental changes are not totally understood, but it is clear that estrogens [33] and insulin-like Growth Factor (IGF)-1 [34] play critical roles. Associations between childhood and adolescent growth, adiposity, sexual maturation milestones (such as thelarche and menarche), and breast cancer risk are complex. For example, rapid weight gain during childhood typically leads to accelerated growth, and taller girls tend to have an earlier onset of menses, which results, in turn, in accelerated skeletal maturation and shorter height [34] . However, this seems contradictory, as studies have also shown that both an earlier menarche and adult tallness are associated with increased breast cancer risk [3] . A key to understanding these complex relationships might be the important influence of growth rate in breast cancer risk. Age at peak growth has been inversely associated with breast cancer risk in Danish women [35] , while higher peak height velocity increased breast cancer risk in the Nurses' Health Study [36] . Growth is a dynamic process and one single height measure may be just reflecting early hormonal markers and early life growth rates. Furthermore, adult height reflects in utero and childhood development events [34] , and therefore, the onset of menarche and final height might be serving as markers of early life events affecting breast cancer risk with different endocrine consequences.
One of the most striking findings in our study is the suggestion of opposite effects for childhood height on breast cancer risk in AA and EA women. Our results in EA women were in general agreement with the majority of previous studies in this population, which found decreased risk for shorter relative adolescent stature [37] or increased risk with greater measured height during childhood [35, 38] /adolescence [35, [38] [39] [40] , or with higher peak height velocity [36, 41] or childhood growth rate [38] . In contrast, some studies found no association with childhood stature [39, 42] . However, our findings of an increased risk for postmenopausal breast cancer associated with shorter stature at age 7-8 years in AA women were unexpected. To our knowledge, this is the first study evaluating childhood and adolescent body size and breast cancer risk in AA women, and therefore, we cannot compare our results with other studies. Nevertheless, previous studies have reported important differences between AA and EA girls in growth and sexual development. For example, AA girls experience earlier onset of thelarche and menarche [43] and advance through the Tanner stages of development at younger ages [31] . By age 8 years, 38 % of AA girls and only 10 % of white girls have reached the onset of puberty, according to data from the Pediatric Research in Office Settings (PROCS) Study [44] . Therefore, AA and EA girls may be at different developmental stages at age 7-8 years. Also, height at that age may be reflecting postnatal weight gain, as it has been suggested that height trajectory may be established during the first 2 years of life [45] . Furthermore, factors affecting development or serving as markers of the various development stages may differ in AA and EA women. When evaluating predictors of earlier menarche in AA, BMI explained less than 20 % of the overall variation in age at menarche, while childhood poverty reduced the age at menarche only in whites but not in AA girls [46] . On the other hand, shorter height has been associated with early life experiences of psychological stress (e.g., family tension, divorce, separation or desertion), socioeconomic factors, and chronic illness and infections [47] , which may in turn increase breast cancer risk by affecting hormonal and immune factors.
Our study generally supported earlier findings that being overweight in early life decreases breast cancer risk in EA women (reviewed in Fuemmeler et al. [6] ), independent of age at menarche and current BMI. To our knowledge, this is the first study evaluating relative weight and height during childhood and at menarche and breast cancer risk in AA women, and we found associations similar to those previously reported in EA [6] and Hispanic women [30, 48] .
The inverse association between childhood obesity and breast cancer risk seems to be independent of the age at menarche, as shown in the study by Ahlgren et al. [35] as well as in our study. Overweight adolescent girls, despite having earlier onset of puberty, have been shown to experience slower pubertal growth and sexual maturation [36] and longer time to regular menstrual cycles [49] , which may results in more frequent anovulatory cycles and lower exposure to ovarian hormones. While the biological mechanisms are unknown, some investigators have proposed that the inverse association with childhood and adolescent BMI may be mediated by a reduction in IGF-1 levels [50] . IGF-1 has been shown to be strongly associated with breast cancer risk [4] , and a recent study found that birth weight, body fatness in childhood, and BMI at age 18 years were inversely associated with adult IGF-1 levels [50] . It has also been suggested that exposure to estrogens at this early age may induce differentiation of the breast epithelium [40] . The association of breast cancer risk with BMI in young adulthood (18-21 years) has been evaluated in a few studies, mostly conducted in EA women, with inconsistent results. An inverse association in EA was reported in the Nurses' Health Study for premenopausal breast cancer [27] and in the NIH-AARP Diet and Health Study for postmenopausal women [51] , but no association with breast cancer was found in other studies [19, 30, 52, 53] . For AA women, after excluding HRT users and adjusting for current BMI, there was no evidence of an association. Results from the few previous studies that evaluated BMI at ages 18-21 years and breast cancer risk in AA women are inconsistent, with some finding an inverse association for pre-and postmenopausal women [17] , for premenopausal women [18] or no association [15, 16, 19, 20] .
An association between weight gain and postmenopausal breast cancer has been fairly consistently reported in previous studies, largely conducted in EA women [7] . In contrast, we found no evidence that weight gain since young adulthood increased risk in EA or AA women after we adjusted for current BMI and excluded HRT users. No association with weight gain in AA women was also reported in the Black Women's Health Study [17] or in the Women's CARE Study [18] . In contrast, increased risk for postmenopausal AA and EA women was found in the multiethnic cohort [20] .
A limitation of the current study is that data on body size in childhood, adolescence, and young adulthood as well as weight changes were based on self-report and recall, employing face valid questions from the Women's Interview Study of Health [23] . As a result, there may be both inaccuracies in recall of the body measures as well as possible differential error for cases and controls. Furthermore, we collected data on relative body size at childhood, menarche, and adolescence compared to other girls of the same age, rather than actual body measures. This method has been shown to be more accurate than ascertaining actual weight and height in the distant past, which varies much from year to year during pubertal growth [54] . Moreover, a strong correlation has been reported between long-term recall of perceived body size at menarche and weight and height at menarche collected in monthly questionnaires from mothers approximately 30 years earlier (Spearman's r = 0.6, p \ 0.01) [54] . Another study also found a strong correlation between long-term recall of body size and actual weight during adolescence (Pearson's r = 0.87) [55] . However, the validity of recall in AA women or whether recall differs in cases and controls has not been determined; therefore, the possibility of recall bias remains. Nevertheless, several studies that measured height and weight during childhood or adolescence (rather than basing body size on recall) among EA also found that higher body mass was associated with lower breast cancer risk [35, 38, 40, 42] .
Conclusions
Our study suggested that childhood height may play a different role in breast cancer risk in EA and AA women. These novel findings warrant further research, particularly with a more detailed and longitudinal evaluation of growth rates through the early childhood and pubertal periods. The current evidence suggests that higher adiposity during early years and young adulthood may decrease breast cancer risk, which is of interest in providing insight into the etiology of breast cancer. Nonetheless, because childhood obesity tends to persist in adulthood [56] , and adult obesity has been associated with increased risk of type II diabetes, cardiovascular disease [57] , and several types of cancer [58] , maintaining a healthy weight throughout the life course should be a goal for overall health.
